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Abstract
The Hayward metric is a spherically symmetric charged regular black holes, a modification of the
Reisnner-Nordstro¨m black holes of Einstein’s equations coupled to nonlinear electrodynamics. We
consider Einstein-Gauss-Bonnet gravity (EGB) coupled to nonlinear electrodynamics to present an
exact five dimension (5D) Hayward black holes with a regular center, having inner (Cauchy) and
outer (event) horizons which go over to Boulware-Desser black holes when the charge is switched
off (e = 0). The presence of charge e leads the modification in thermodynamical quantities, and
it has also been shown that the Hawking-Page like phase transition can be achieved. The specific
heat shows divergence at the horizon radius r = rC (critical radius), where the temperature has a
maximum. Our result in the limit, e→ 0, reduces vis-a-vis to the 5D Boulware-Desser solutions.
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I. INTRODUCTION
Black holes are the exact solution of the Einstein’s general relativity, appear to exist in
the universe, with singularities form inside them [1]. However, the existence of a singularity
means spacetime ceases to exist signaling the breakdown of general relativity, requiring mod-
ifications that believably include quantum theory. One of the steps in this direction, regular
(i.e. non-singular) black holes have widely considered resolving the singularity problems,
dating back to Bardeen [2] who gave first regular black hole model by Bardeen [2], according
to whom there are horizons but there is no singularity. The Bardeen’s model was motivated
by the idea of Sakharov [3] who suggested a de Sitter core with equation of state P = −ρ
or Tab = Λgab to get a regular model without singularities, which could provide a proper
discrimination at the final stage of gravitational collapse, replacing the future singularity
[4]. One can find Bardeen’s metrics which is spherically symmetric, static, asymptotically
flat, have a regular center, and for which the sources are physically reasonable, with causal
structure is similar to that of a Reissner-Nordstrom black hole, satisfying the weak energy
condition and is also an exact solution [5–7]. Later, there has been significant attempts for
regular black hole models [8–11], and more recently [12–19]. However, these black hole mod-
els are concentrated on Bardeen’s idea and they have similar properties. The generalization
of these stationary regular black holes to the axially symmetric case, Kerr-like black holes,
was addressed recently via Newman Janis algorithm [20, 21], and thereafter more rotating
regular black holes were proposed [22–25].
Hayward [26] proposed, Bardeen-like, regular space-times are given that describe the
formation of a black hole from an initial vacuum region which has a finite density and
pressures, vanishing rapidly at large small and behaving as a cosmological constant at a
small distance. It is a simple exact model of general relativity coupled to electrodynamics
and hence Hayward black hole has attracted significant attention in various studies, like
Quasinormal modes of the black holes Lin by et al [27], The geodesic equation of a particle
by Chiba and Kimura [28], wormholes from the regular black hole [29, 30] with their stability
[31], black hole thermodynamics [32] and related properties [33–35], and strong deflection
lensing [36]. The rotating regular Hayward’s metric has been studied as a particle accelerator
[37–39].
In the last few decades, there has been a noteworthy number of attempts in higher di-
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mensions gravity in order to understand the low-energy limit of string theory. The Einstein-
Gauss-Bonnet gravity is a very important higher dimensional generalization of Einsteins
gravity which was suggested by Lanczos [40], and then rediscovered by David Lovelock
[41]. The study of Einstein-Gauss-Bonnet theory becomes very important since it provides
a broader set up to explore a lot of conceptual issues related to gravity. This theory is
completely free of ghost and the order of the field equations in the Einstein-Gauss-Bonnet
theory is no higher than two. Since their outset, there has been a lot of attempts to ob-
tain the black hole solution, but Boulware and Deser were the first who obtain the exact
black hole solution in the Einstein-Gauss-Bonnet gravity [42, 43]. After that several number
of exact black hole solutions with their thermodynamical properties has been discussed by
various authors [44–61]. Several black hole solutions with matter source generalizing the
Boulware-Desser solution have also been explored [62–65].
A natural question to ask: whats the effect of the Einstein-Gauss-Bonnet correction
on the regular black holes and their properties? In order to answer this question, one
would first need a regular solution for the Einstein-Gauss-Bonnet theory. It is the purpose
of this paper to obtain a 5D spherically symmetric and static Hayward-like black holes
solution of the EinsteinGaussBonnet gravity. It turns out that the metric purposed here is
an exact black hole model of Einstein-Gauss-Bonnet having minimal coupling with nonlinear
electrodynamics thereby it is the generalization of the Boulware-Desser solution. In turn,
we analyze the thermodynamical properties of these models and find that black holes have a
stable remnant, and the thermodynamic stability of these models also has been analyzed. We
show that Hawking-Page transition possible, but the relation between entropy and horizon
is no longer valid.
The paper is organized as follows, we obtain a Hayward-like metric in 5 dimensions with
a regular center and also give the relevant field equations of EGB gravity minimally coupled
to nonlinear electrodynamics. The horizon structure of the 5D EGB-Hayward black holes
metric has also been investigated. In Sec. III, we do black hole mechanics analysis of
5D EGB-Hayward models. The stability and black hole remnant are also discussed. The
article has been ended with concluding remarks in Sec. IV. We shall adopt the signature
(−,+,+,+,+) for metric and use the units 8piG = c = 1.
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II. 5D EXACT HAYWARD-LIKE BLACK HOLES IN EGB GRAVITY
The interest in the EGB theory arose mainly because it appears as the low energy limit
of string theory [42]. The general relativity with minimal coupling with nonlinear electrody-
namics leads to exact spherically symmetric regular black holes [5–7, 66, 67]. The two most
famous exact black holes are Bardeen [2] and Hayward [26] regular black holes. Here, we are
interested in the Hayward-like black hole solution with a regular center in the EGB grav-
ity in 5D spacetimes. The simplest action of EGB theory minimally coupled to nonlinear
electrodynamics reads
S =
1
k5
∫
d5x
√−g [R + α (R2 − 4RabRab +RabcdRabcd)−L(F )] , (1)
where R, Rab, are Ricci scalar and tensor respectively and Rabcd is Riemann tensor and
k5 = 16piG5. The α ≥ 0 is Gauss-Bonnet coupling constant having the dimensions of
(length)2. One recovers 5D Einstein gravity in low energy limit for small curvatures, varying
action (1), we can get following field equations [68–70]:
Gab + αHab = Tab, (2)
∇a
(
∂L(F )
∂F
F ab
)
= 0 and ∇µ(∗F ab) = 0, (3)
where
Gab = Rab − 1
2
gabR,
Hab = 2
[
RRab − 2RacRcb − 2RcdRacbd +R cdea Rbcde
]
− 1
2
gabLGB (4)
Remarkably, the equations of motion (2) do not have the derivatives of a metric function of
order higher than two which means the theory does not suffer from the ghost [71].
Tab = 2
[
∂L(F )
∂F
FacF
c
b − gabL(F )
]
. (5)
The function L(F ) is an arbitrary function of F = FabF ab/4 with Fab = ∂aAb − ∂bAa is
electromagnetic field tensor, with, L(F ) ≈ F describes the linear Maxwell theory. For the
Hayward-like regular black hole solution, the Lagrangian density in 5D spacetimes calculated
as
L(F ) = 3
2se2
(2e2F )4/3
(1 + (
√
2e2F )4/3)2
, (6)
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where s is a positive constant. The field tensor Fab in 5D spacetime [72]
Fab = 2δ
θ
[aδ
φ
b]Z(r, θ, φ) = 2δ
θ
[aδ
φ
b]e(r) sin
2 θ sinφ. (7)
with Fθφ, Fθψ and Fφψ as the only non vanishing components. Eq (3) gives dF = 0 which,
in turn implies e(r) = e is a constant. Thus, the Field strength tensor simplifies to
Fθφ =
e
r
sin θ, and F =
e4
2r6
(8)
and
L(F ) = 3e
6
2s(r4 + e4)2
(9)
On using Eq. (9) into Eq. (5), we obtain
T tt = T
r
r = ρ(r) =
3e6
s(r4 + e4)2
. (10)
The other components of energy momentum tensor are obtained by using the Bianchi iden-
tities and, they are given by
T θθ = T
φ
φ = T
ψ
ψ = ρ(r) +
r
3
∂rρ(r). (11)
Thus, the EMT is completely determined. To obtain a 5D static, spherically symmetric
solutions of Eq. (2), we use the metric anstaz [73]
ds2 = −f(r)dt2 + 1
f(r)
dr2 + r2dΩ23, (12)
where dΩ23 = dθ
2+sin2 θ (dφ2+sin2 φ dψ2) is the metric in the 3D hypersurface with volume
V3 and f(r) is the metric function to be determined. On using equation (12), by solving
Field equations (2) we obtain the equations of motion
f ′ − 2
r
(1− f) + 4α
r2
(1− f)f = 3e
6
s(r4 + e4)2
, (13)
f ′′ +
4
r
f ′ +
2
r2
(1− f) + 4α
r2
[
f ′′(1− f) + f ′2] = e6(3e4 − 5r4)
s(r4 + e4)3
. (14)
The Eq. (13) admits an exact solution
f(r) = 1 +
r2
4α
(
1±
√
1 +
8αm
r4 + e4
)
. (15)
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Here, m is a constant of integration having the relation with the Arnowitt-Deser-Misner
(ADM) mass M of the black hole via
M =
3V3
k5
m. (16)
Here, V3 is the volume of a 3-dimensional unit sphere. It is easy to show that the other field
equations are also satisfied. Thus, (12) with metric function (15) is an exact solution of
EGB coupled to NED which encompasses the 5D Boulware-Desser solution [42] as special
case when e = 0. The negative branch of the above solution is physical as it yields the 5D
Hayward black holes, in the limit α→ 0, given by metric (12) with
f(r) ∼ 1− mr
2
r4 + e4
. (17)
and 5D Schwarzschild-Tangherlini black hole [74] when the charge is also switched off (e = 0).
There is no such limit for the positive branch of solution. Henceforth, we shall call the
solution (12) with metric function (15) as 5D EGB-Hayward black holes. The flatness at
centre, r → 0, requires that the metric function (15) behaves as
f(r) ∼ 1 + r
2
l2
(18)
with 1/l2 =
(
1−
√
1 + 8αm/e4
)
/4α. Thus, the 5D EGB-Hayward solution has a central
de-Sitter core. For large r
f(r) ∼ 1− mr
2
r4 + e4
+ αO(r4 + e4)−2 (19)
if we further switch off the magnetic charge (e = 0), metric function take the form [44]
f(r) ∼ 1− m
r2
+ αO(r−4) (20)
The regularity of 5D EGB-Hayward black holes can be addressed by calculating invari-
ants, Ricci scalar R, Ricci square RabR
ab and Kretschmann scalar RabcdR
abcd, which are
calculated as
lim
r→0
R =
5
α
[
−1 +
(
1 +
8αm
e4
)1/2]
,
lim
r→0
RabR
ab =
10
α2
[
1 +
4αm
e4
(
1 +
8αm
e4
−
)1/2]
,
lim
r→0
RabcdR
abcd =
5
α2
[
1 +
4αm
e4
−
(
1 +
8αm
e4
)1/2]
.
(21)
6
We found that, when m 6= 0 6= α, the invariants are well behaved everywhere including at
r = 0. Thus, the 5D Hayward like black holes has no singularity or they are regular.
The weak energy condition states that Tabt
atb ≥ 0 for all time like vectors ta, ie., for
any observer, the local energy density must not be negative. Hence, the energy conditions
require ρ ≥ 0 and ρ+ Pi ≥ 0,
ρ =
3e4M
(r4 + e4)2
ρ+ P2 = ρ+ P3 = ρ+ P4 =
6e8M
(r4 + e4)3
. (22)
Eq. (22) signifies the validity of weak energy condition for 5D EGB-Hayward black holes.
Next, we study the structure of horizons of 5D EGB-Hayward black holes. It turns out
that grr = f(rH) = 0 is only coordinate singularity implies the presence of horizons. Thus,
the horizons are zeros of
r6H + (2α−m)r4H + e4r2H + 2αe4 = 0. (23)
The location of horizon are real roots of Eq. (23).
r2+ =
1
3
[
m− 2α− 2
2
3 (3e4 − (m− 2α)2) + β2
2
1
3β
]
(24)
with
β = 2(m− 2α)2 + 12mα2 − 18(m+ 4α)e4
+
√
(2(m− 2α)2 + 12mα2 − 18(m+ 4α)e4)2 + 4 (3e4 − (m− 2α))3 (25)
We find that it’s possible to find parameters e and α such that Eq. (23) admits two
positive roots r±, with r− and r+ are, respectively, representing the Cauchy and event
horizons. By keeping, the value of mass m and coupling constant α fixed, we come to find
out that there exists a critical value of charge (eE), such that the Cauchy (r−) and the event
horizons (r+) coincide, i.e, r− = r+, corresponds to the extremal 5D EGB-Hayward black
holes with degenerate horizon radius (rE = r±). So, when e < eE, black holes with Cauchy
and event horizons exist (cf. Fig. 1) and for any value of charge e > eE , there exist only a
regular spacetime but not black holes. We also note that the size of the event horizon (r+)
decreases as we increase (α) and increases with increase in the value of magnetic charge (e)
as shown in Table I.
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α = 0.1 α = 0.2
e r− r+ δ e r− r+ δ
0.1 0.071 0.894 0.823 0.1 0.091 0.779 0.688
0.2 0.146 0.893 0.747 0.2 0.187 0.771 0.584
0.3 0.228 0.887 0.659 0.3 0.296 0.759 0.463
0.4 0.326 0.870 0.544 0.4 0.439 0.714 0.275
eE = 0.574 0.673 0.673 0 eE = 0.449 0.601 0.601 0
TABLE I: Inner horizon radius (r−), the outer (event) horizon radius (r+) and δ = r+ − r−
corresponding to the various different values of magnetic charge e.
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FIG. 1: The plot of f(r) vs r for different values of charge e, Gauss-Bonnet coupling constant α.
III. BLACK HOLE THERMODYNAMICS
Next, we calculate the thermodynamical quantities of EGB-Hayward black holes at the
event horizon (r+). By solving f(r+) = 0, we obtained the black hole mass
M+ =
3V3r
2
+
k5
[(
1 +
2α
r2+
)(
1 +
e4
r4+
)]
. (26)
By switching off the magnetic charge (e = 0) in Eq. (26), one can obtain the EGB black
hole mass [44, 70, 75, 76]
M+ =
3V3r
2
+
k5
[1 +
2α
r2+
] (27)
and further for limiting case, (e = 0, α→ 0), Eq. (26) reduces to M+ = 3V3r2+/k5, which is
the mass of 5D Schwarzschild-Tangherlini black hole [69]. The Hawking temperature of the
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black hole is defined as T = κ/2pi, with surface gravity (κ)
κ =
(
−1
2
∇aξb∇aξb
)1/2
. (28)
Using Eqs. (12) and (15) in Eq. (28), we obtain the temperature for the 5D EGB-Hayward
black hole as
T+ =
1
4pir+

2r2+ − 2e4r4+ (r2+ + 4α)
(r2+ + 4α)(1 +
e4
r4+
)

 . (29)
The positive temperature T+ > 0 requires r
6
+ > e
2(r2++4α). In the limit e→ 0, Eq. (29)
reduces to the Hawking temperature of EGB black hole [70, 75, 76],
T+ =
1
2pi
(
r+
r2+ + 4α
)
, (30)
when α→ 0, one recovers the temperature of 5D Hayward black hole,
T+ =
1
2pir+
(
r4+ − e4
r4+ + e
4
)
. (31)
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e = 0
FIG. 2: The inverse Hawking temperature (T−1+ ) vs horizon radius (r+) for different values of e
and α.
which further reduces to the temperature of the 5D Schwarzschild-Tangherlini black holes
[69], T+ = 1/2pir+, when e = 0. The behaviour of inverse Hawking temperature for different
values of e and α is depicted in Fig. 2. The inverse Hawking temperature decreases with an
increase in the horizon radius. From Fig. 2, one can notice that the Hawking temperature
of 5D EGB-Hayward black holes with a small horizon radius goes to zero, unlike the case of
5D Schwarzschild-Tangherlini black hole, for which temperature diverges at a smaller value
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of r+. In Table II, we have shown numerical values of maximum Hawking temperature T
Max
+
with corresponding radii rTc . It is noticed that the critical radius increases when we increase
e and α and the maximum Hawking temperature decreases for higher values of the critical
radius.
α = 0.1 α = 0.2
e 0 0.4 0.5 0.6 0 0.4 0.5 0.6
rTc 0.614 0.911 1.077 1.218 0.876 1.092 1.238 1.339
TMax+ 0.125 0.106 0.097 0.089 0.088 0.082 0.078 0.073
TABLE II: The maximum black hole temperature (TMax+ ) and corresponding horizon radius (r
T
c )
with various values of charge (e).
To construct the entropy of our black hole solution, we employ the first law of black hole
thermodynamics [69]
dM+ = T+ dS+ + φde, (32)
where e is a magnetic charge and φ is its corresponding potential. One finds the following
expression for the black hole entropy S for constant magnetic charge e,
S+ =
∫
T−1+ ∂M+ =
∫
1
T+
∂M+
∂r+
dr+, (33)
By plugging (26) and (29) into (33), we get the following entropy expression for 5D EGB-
Hayward black holes
S+ = 4pi
∫ (
1 +
e4
r4+
)
(r2+ + 4α) dr+. (34)
which can be integrated exactly to
S+ =
4piV3r
3
+
k5
[
1 +
12α
r2+
− e
4
r6+
(3r2+ + 4α)
]
. (35)
Note that the last two factors in the parenthesis of Eq. (36) modifies entropy and area law
S = A/4 is no longer valid. When one take e = 0, Eq. (36) reduces exactly to the entropy
of the EGB black hole [70, 75, 76]
S+ =
4piV3r
3
+
k5
[
1 +
12α
r2+
]
. (36)
Taking α → 0, we recover S+ = 4piV3r3+/k5, the entropy of 5D Schwarzschild-Tangherlini
10
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FIG. 3: Entropy S+ vs event horizon r+ for different e and α.
black hole [69], which obeys the area law. Thus, one can conclude that the presence of α
and e, made the entropy area law invalid.
We study the behaviour of Gibb’s free energy for the global stability of black hole ther-
modynamics. The expression of Gibb’s free energy is expressed as [77]
G+ =M+ − T+S+, (37)
substituting the value of Eq. (26), Eq. (29) and Eq. (36) in Eq. (37), we obtain
G+ = −3V3
k5
[[
r2+(3r
8
+ + 16e
4r4+ + 3e
8) + 2α(−3r8+ − 18e4r4+ + e8)
]
(r2+ + 4α)− 4r8+(e4 + r4+)
3r4+(e
4 + r4+)(r
2
+ + 4α)
]
(38)
In the limit α→ 0, gives the expression for the 5D Hayward black hole as
G+ = −3V3
k5
[
2r2+(r
4
+ − e4)(r4+ − 3e4)− (r4+ + e4)2
3r2+(r
4
+ + e
4)
]
. (39)
In the limiting case, e = 0, we obtain the free energy of EGB black holes [44]
G+ = −V3
k5
[−4r4+ + 3(r2+ − 3α)(r2+ + 4α)
r2+ + 4α
]
(40)
The Gibb’s free energy for the various value of charge e is shown in Fig. 4. The behaviour
of Gibb’s free energy (cf. Fig. 4) dictates the global stability of the black hole. If Gibb’s
free energy is (G+ > 0), the black hole is globally unstable, while (G+ < 0) implies the
global stability of the black holes. From Fig. (4), it can be noted that 5D EGB-Hayward
black holes with smaller event horizon (r+) are globally stable. The Gibb’s free energy will
11
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FIG. 4: Free energy G+ vs event horizon r+ for various values of e with α = 0.1, 0.2.
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FIG. 5: The inverse Hawking temperature vs event horizon (r+) for the case e = 0.5 and
α = 0.1 and 0.2. The Black curve corresponds to T−1C and the blue one to T
−1
+ .
be zero at critical Hawking temperature, so we can calculate critical Hawking temperature
TC+ , by using G+ = 0, as
TC =
3
(
1 + e
4
r4+
) (
r2+ + 2α
)
4pir+
[
r2+ + 12α− e4r4
+
(3r2+ + 4α)
] . (41)
The black hole will be globally stable when, T+ > T
C
+ , while T+ < TC , signifies the global
instability of the black hole. We have plotted the inverse critical temperature (TC) and
inverse temperature (T+) in Fig. (5), from which we can note the region for which, T
−1
C >
T−1+ , is the region of global stability for our 5D EGB-Hayward black hole.
Thermodynamical stability of 5D EGB-Hayward black holes can be performed by study-
ing the behaviour of its specific heat. If the specific heat C+ > 0, we can say 5D EGB-
Hayward black holes are thermodynamically stable, while C+ < 0 indicates that the black
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holes are thermodynamically unstable. The specific heat of black holes associated with the
outer horizon is [70]
C+ =
∂M+
∂T+
=
(∂M+
∂r+
)( ∂r+
∂T+
)
, (42)
On using Eqs. (26) and (29) into Eq. (42), we get specific heat for 5D EGB-Hayward black
hole
C+ =
24piV3(1 +
e4
r4
+
)2(r2+ + 4α)
2r+
k5
(
A( e
4
r4
+
)2 +B e
4
r4
+
− Cr2+
) [r2+ − e4r4+ (r2+ + 4α)
]
, (43)
with
A = 2(r2+ + 4α)
2, B = 16r4+ + 40α(3r
2
+ + 4α) and C = 2(r
2
+ − 4α).
The plots of specific heat with horizon radius r+ are shown in Fig. 6. It is well known that
the positivity and negativity of the specific heat, respectively, correspond to the thermody-
namical stability and instability of the black holes. So, from Fig. (6), one can clearly, notice
that our EGB-Hayward black holes are thermodynamically stable in the region r1 < r+ < rC
and unstable for r+ < r1 and r+ > rC .
Eq. (43), in the absence of NED, reduced to
C+ = −
12piV3r+(r
2
+ + 4α)
2
k5(r
2
+ − 4α)
. (44)
From Eq. (44), it can be observed that the specific heat diverges as r2+ → 4α, this discon-
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FIG. 6: Specific heat C+ vs horizon radius r+ for various values of e and α.
tinuity of the specific heat is enough to show the second-order phase transition [78, 79] and
also the specific heat flips the sign at r2+ = 4α, represents a point of phase transition (Fig.
13
6). In the limiting case α→ 0, one can easily recover the specific heat of 5D Hayward black
holes can be recovered from Eq. (43), in the limit α→ 0
C+ =
12piV3r
3
+(1 +
e4
r4
+
)2
k5(
e8
r8
+
+ 8e
4
r4
+
− 1)
[
1− e
4
r4+
]
, (45)
which, in the absence of charge NED, further reduces to the specific heat of very well
known 5D Schwarzschild-Tangherlini black hole [69, 74].
A. Black Hole Remnant
The black hole remnant could play the role of one of the candidates in resolving the
information loss puzzle [80] and also dark matter [81]. The double root r± = rE of f(rE) = 0,
represents degenerate horizon of the extremal black hole [35, 66, 67]. The remnant radius
(rE) of the black hole can be determined from
f ′(rE) = rE6− e4(r2E + 4α) = 0. (46)
Eq. (46) can be solved exactly to give remnant radius rE
rE =
√
3
1
3 e4 + β1
2
3
2
3β1
with β1 =
(
18αe4 +
√
3e8(108α2 − e4)
) 1
3
(47)
The numerical results of remnants size, minimum mass and maximum temperature for dif-
ferent value of e and α tabulated in Table III.
GB coupling α = 0.1 α = 0.2
Charge r0 m0 r0 m0
e = 0.1 0.187 0.254 0.209 0.466
e = 0.2 0.304 0.347 0.336 0.577
e = 0.3 0.407 0.473 0.448 0.721
e = 0.4 0.506 0.634 0.552 0.899
e = 0.5 0.602 0.830 0.651 1.110
TABLE III: The remnant size r0 and remnant mass m0 for different values of charge e.
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FIG. 7: Metric function f(r) vs horizon radius r+ with various values of e and α.
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FIG. 8: Black hole mass M+ vs event horizon (r+) with various values of e.
The temporal component of the metric, f(r), of 5D EGB-Hayward black hole with horizon
radius for different values of e has been displayed in Fig.7. From Fig.7, we can notice that
an extremal configuration with one degenerate event horizon at a minimal nonzero mass m0
is possible. Hence, the EGB-Hayward black hole can evaporate to leave a stable remnant
of mass m0. In fact, the condition for having one degenerate event horizon is that m = m0
which means for m < m0 there is no event horizon (cf. Fig. 7 and Fig. 8). In the near
extremal region temperature increase from zero to local maximum TMax+ corresponding to
r+ = rmax. As r+ increase further T+ drops to local minimum corresponding to r+ = rmin.
IV. CONCLUSION
We have obtained an exact Hayward-like regular black holes in EGB coupled to nonlin-
ear electrodynamics. The solution has an additional parameter charge e due to nonlinear
electrodynamics, apart from the black hole mass (M). The previously known case like the
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famous Boulware-Desser black holes of EGB theory is encompassed as a special case. In
turn, we characterized the solution by analyzing horizons which are maximum three, viz.
Cauchy, Event and cosmological horizons. The regularity of the spacetime is confirmed by
calculating various curvature invariants and shown to be well behaved everywhere including
at origin. We have also computed thermodynamical quantities like Hawking temperature,
entropy, specific heat and free energy associated with 5D EGB-Hayward black holes with a
focus on the stability of the system. It is demonstrated that specific heat diverges at horizon
radius rc+ which incidentally corresponds to the local maximum of the Hawking temperature
at rc+. It is shown that the specific heat is positive in the region r1 < r < r
c
+, which signifies
that the small black holes are thermodynamically stable against perturbations in the region,
and the phase transition exists at rc+. The black hole is unstable for r1 > r > r
c
+. The
global stability analysis of black holes is also done by calculating free energy. Besides, we
have also shown that after black hole evaporation there will be a stable remnant with zero
temperature and positive specific heat. Further, a generalization of such a regular black hole
configuration to Lovelock gravity is an important direction for the future. Also, it would be
interesting to generalize this solution by including the AdS background.
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